Based on the fractal growth physical model of soot particles from large diesel agriculture machinery, this chapter simulates the morphological structure of collision for the single particles and single particles, single particle and clusters, clusters and clusters, firstly. Moreover, combining with the collision frequency, the fractal growth is controlled to agglomeration using the main environmental factors interference for diesel engine soot particles, in order to make them condensed into regular geometry or larger density particles, reduce the viscous drag for capturing by the capturer or settlement and to realize the control of the pollution of the environment. The results of numerical simulation show that the proposed method is feasible and effective, which will help to understand and analyze the physical mechanism and kinetics of non-equilibrium condensation growth behavior of the actual carbon smoke particles and provide the solution to further reduce emissions of the inhalable particulate matter from diesel engines.
Introduction
Large diesel agriculture machinery plays an important role in economic development, but it also brings sharp problems in environmental protection. Diesel emissions are one of the most important sources of air pollution. There are many kinds of harmful substances, such as HC, CO, NOX, and soot particles, but the emission of harmful gases from diesel engines, such as HC and CO, is quite low; NOX emissions are also in the same order of magnitude as gasoline engines. The soot particles emitted are respirable particles, causing the most serious air pollution [1, 2] .
Particles emitted by diesel engines are usually composed of soot, organic soluble components, and sulfides [3] . The main components of particles discharged from a typical heavy-duty diesel engine under transient conditions are shown in Figure 1 . Usually, soot accounts for 50-80% of total particulate matter. It is one of the most important harmful emissions [3] . Therefore, it is of great significance to control the emission of soot particles from diesel engine emissions.
Soot is a very fine particle formed by a complex reaction mechanism in the flame of the fuel-rich region when burning hydrocarbons in the absence of air, mainly composed of a mixture of amorphous carbon and organic matter [4] . Since the concentration and particle size of soot particles emitted by the gasoline engine is lower than that of the diesel engine [5] , this chapter mainly analyzes the soot particles of the diesel engine.
At present, the study of soot particles in diesel engines has focused on optical properties, chemical composition, particle size distribution, source analysis, and human health assessment [6, 7] , but research on particle morphology (morphology and surface structure) is almost blank, especially the morphological structure of the particles. Most soot particles have complex fractal morphology [8, 9] , affecting the nature of the particles. By studying its fractal structure, the deposition of particles, the viscous resistance of the particles and the adsorption of toxic molecules can be deduced. Therefore, it is necessary to control the fractal condensation and growth morphology of diesel soot particles.
Based on the fractal growth physical model of soot particles from large diesel agriculture machinery, this chapter simulates the morphological structure of collision for the single-single particles, single-clusters, clusters-clusters, firstly. Moreover, combining with the collision frequency, the fractal growth is controlled to agglomeration using the main environmental factors interference for diesel engine soot particles, in order to make them condensed into regular geometry or larger density particles, reduce the viscous drag for capturing by the capturer or settlement and to realize the control of the pollution of the environment.
2. The condensation growth process of the soot and its simulation method
The generation process of soot
The soot particles generation process undergoes complex chemical reactions and physical processes. Firstly, it undergoes gas phase reactions, phase transitions from gaseous to solid state. Then the formation of soot particles in diesel cylinders undergoes the evolution of kinetic events such as nucleation, condensation, collision fragmentation, growth, and surface oxidation [10] [11] [12] [13] [14] . The specific formation process described by the soot particle model is shown in Figure 2 . 
The simulation method of soot structure
According to the characteristics of the soot growth process, the dynamic Monte Carlo method [15] is used to establish the soot fractal growth model. As shown in Figure 3 , in a two-dimensional Euclidean space with many particles, one initial particle is set as the target particle, and the other particles are candidate particles. One of the candidate particles is selected to collide with the target particle according to a randomly generated locus, and adheres according to the adhesion probability. One other candidate particle repeats the above process, and the analogy eventually forms an agglomerate. If the motion reaches the boundary of the space, the particle is absorbed by the target particle and disappears. After the particles are released, they do Brownian motion, and they are required to move to the neighboring left, right, upper, and lower surrounding squares with a probability of 1/4. The process will continue until the particles leave the boundary or reach the agglomerate. There are two kinds of collision for particles: the collision of the particle with particle ( Figure 4) , the collision of the cluster with cluster ( Figure 5 ).
Taking the collision of the single particle as an example to illustrate the collision of the particles, the trajectory vectors of two collision particles is firstly determined in Figure 6 . Two small balls are defined as B 1 (target particles) and B m (random particles) to represent two separate particles, with radius R 1 and R m , respectively. The coordinates of B 1 are given, the coordinates of B m are random, and the radius of the concentric sphere B s of the small ball B 1 is defined as R s (R s ¼ R 1 þ R m ). Then let B m move according to a random trajectory. When B m meets the fixed ball B 1 , Eq. (1) is satisfied, where x 0 s is the center of the ball B 1 .
(1)
When the random particle B m adsorbs and condenses on the target particle B 1 , its random motion trajectory vector v exactly intersects with or intersects the ball B 1 , and can be defined as Eq. (2),
where x m is the sphere center coordinate after the collision of the ball B m , and x 0 m is the initial sphere center coordinate of the ball B m . The collision of two small balls can be defined Eq. (3).
Solve both sides of squared Eq.(3) simultaneously to obtain a quadratic equation with unknown c n . c n is the judgment factor, if c n has no solution, two balls cannot collide; if c n has a solution, the two balls collide with two cases. One is that when there is a unique solution, the two balls just collide with each other; when there are two solutions, the smallest solution is c min according to the physical conditions. Then the coordinates of randomly moving ball B m are also determined as Eq. (4). This process describes a simple collision process between particles and particles. Based on this, it can be used to simulate the collision and clustering process between clusters and clusters. The collision process is still established by using Monte Carlo method.
The shape of aggregates formed by fractal growth of soot is closely related to the radius of gyration, soot radius, and fractal dimension, which is shown in Figure 7 .TheR g characterizes the compactness of soot condensation growth, R e characterizes the size of the soot agglomerates formed by fractal growth. The fractal dimension of the surface roughness of soot agglomerates is closely related to the adsorption of particles. The calculation of fractal dimension D f of soot agglomerates is based on the box calculation method [16] and shown in Eq. (5) , where N n A ðÞ is the minimum number of boxes needed to contain A,1=T n is the boundary of the small box. When T n is large enough, the box dimension is approximate as Eq. (6), and the fractal dimension calculation method for soot agglomerates is shown in Figure 7 . 
D f ¼ slope ln N n A ðÞ ðÞ ; ln T n ðÞ fg :
3. The analysis and condensation control of soot particles fractal growth
The theory of control
The formation of soot particles in diesel engines is affected by factors such as temperature, pressure, soot particle concentration, and oxidation rate [17] . According to the characteristics of free particles moving in a continuous medium state, it can be considered that the soot growth of a soot particle (condensation collision) has a distribution parameter equation of motion with boundary conditions as Eq. (7). ∂η x; y; t ðÞ ∂t ¼ δ ∂η 2 x; y; t ðÞ ∂x 2 þ ∂η 2 x; y; t ðÞ ∂y 2 ,
The condensation growth frequency of soot particles satisfies the distribution parameter system Eq.(8). 
Considering the boundedness and variability of soot particle agglomeration, the nonlinear function F is set as Eq. (10).
For more generalized processing problems, the system Eq. (11) is hereby introduced.
where
Obviously, when r ¼ 1, Eq.(12) becomes system Eq.(9). By iterating simplification of Eq.(9), a simple control system can be obtained as Eq. (13) .
The control of fractal growth for diesel engines' soot particles from source item and nonlinear term
According to the control method of [18] , this chapter analyzes the effect of this control method on the fractal growth of soot particles. Assuming that H is a condensed region, H is a condensed boundary, and M is the scope of control of thesourceitemux ; y ðÞ ,andsatisfiesMathcal M ∈ H. In addition, for any x; y ðÞ ∈ H, there is 0 ≤ η x; y ðÞ ≤ 1 established. Since the analytical function ux ; y ðÞ satisfies the maximum principle in H,forany x; y ðÞ ∈ H À H, condition 0 ≤ η xy ðÞ <1must be true, so α and u in Eq.(11) must be as small as possible, represented by an inequality: 0 ≤ η mþr, n þ η mÀr, n þ η m, nþr þ η m, nÀr <1, 0 ≤ Ω r ðÞ< 1, where r ¼ 1, 2, ⋯. Since 0 ≤ sin Ω t ðÞ ðÞ < Ω r ðÞ< 1 holds, the system (10) satisfies the relationship Eq. (14) . According to Eq. (13) and combined with mathematical induction, Eq. (15) can be get.
Eq. (16) is get by changing the inequality of Ω r ðÞto Ψ α; u; r ðÞ The particle condensation temperature η will increase with the increase of the nonlinear term α sin η ðÞand the source term u. For system Eq. (8), when the action region of source item u is circular (r is a radius), the values of u are constants and random numbers(rand represents a random number in the range (0,1), respectively, and the resulting simulated pictures are shown in Figures 8-10 . Comparing with Figure 3 and Figure 4 without interference and other model [19] shown in Figure 11 , this chapter simulates the morphological structure of collision for the single-single particles, single-clusters, clusters-clusters, and it is obvious that the effect of the increase of the interference term and the action region on the control of the aggregation of particles is more and more condensed than in the absence of the interference term. The concentration of the particles after the condensation is greater for the settlement and the aggregation. Condensation can also have a fixed direction. The control method on the fractal growth reduces the complexity of the surface area of aggregated particles and reflects the effectiveness of the control method.
The meaning of the soot particles condensed control
The fractal structure of the particles is closely related to the binding resistance and the adsorption of the particles. The literature [20] investigated the relationship between the viscous resistance and the fractal structure of the particles during the descending process. Particles with a fractal structure will have a larger fractal dimension, the smaller the viscous resistance, and the faster the sedimentation rate than spherical particles of the same volume. The fractal dimension of the particle before control shown in Figures 3 and 4 is 2.029 and 2 .236, respectively. The fractal dimension of the particle after control in Figure 8 is 2.3273. Obviously, the viscous resistance of the particle in Figure 8 is small, which is conducive to the settlement of particles.
The fractal dimension of particles directly affects the surface adsorption. The relationship between the number of saturated molecules adsorbed in single layer N m and the cross-sectional area of adsorbed molecules S m is given by Eq. (17), where ξ is the scale factor and D f is the fractal dimension of the particle.
If the adsorbate molecular weight is M and the density is ρ, then the adsorption amount Q 0 is Eq. (18) .
Obviously, the adsorption of toxic particulates by atmospheric particles is not only related to the composition and chemical properties of gas molecules but also related to the fractal dimension of the particle surface. The roughness of the surface of atmospheric particles also affects the adsorption of toxic gases in the atmosphere. The bigger fractal dimension particles have, the stronger adsorption of toxic particulate matter atmospheric particles have. Then, atmospheric particles will greatly affect human health.
The controlled particulate matter ( Figure 8 ) can adsorb more toxic particulate matter and cause it to control the settlement and reduce the environmental pollution. In addition, if the particulate matter still cannot settle after control, it will be controlled as in Figure 6 (fractal dimension is 2.029) and Figure 7 (fractal dimension 2.021, 2.031 and 2.038, respectively) shape structure, in order to reduce the adsorption of particles on toxic particles and the harm to human health.
Conclusions
T h ea n a l y s i sa n di t sa g g l o m e r a t i o nc o n t rol of soot particles fractal growth provides a new idea for the development of particulate matter traps and also provides a new solution for reducing environmental pollution. Based on the fractal growth physical model of soot particles from large diesel agriculture machinery, this chapter simulates the morphological structure of collision for the single particles and single particles, single particle and clusters, clusters and clusters, firstly. Moreover, combining with the collision frequency, the fractal growth is controlled to agglomeration using the main environmental factors interference for diesel engine soot particles, in order to make them condensed into regular geometry or larger density particles, reduce the viscous drag for capturing by the capturer or settlement and to realize the control of the pollution of the environment.
If the particles cannot settle, they can be controlled to reduce the adsorption of inhalable particles to toxic particles and reduce the harm to human health.
This chapter simulates the control of the aggregation fractal growth trend of diesel soot particles. The results of numerical simulation show that the proposed method is feasible and effective, which will help to understand and analyze the physical mechanism and kinetics of non-equilibrium condensation growth behavior of the actual carbon smoke particles and provide the solution to further reduce emissions of the inhalable particulate matter from diesel engines.
[19] Sun J, Qiao W, Liu S. Controlling fractal diffusion of differently-sized soot particles. 
